Objectives. The aims were to compare the performance of cardiovascular risk calculators, Framingham Risk Score (FRS) and QRISK2, in RA and matched non-RA patients and to evaluate whether their performance could be enhanced by the addition of CRP.
Introduction
Patients with RA compared with the general population have an increased risk of mortality [13] . There is evidence to suggest that this mortality gap is increasing, although recent studies indicate a decreasing trend in cardiovascular (CV) fatality in RA patients [2, 4] . The main cause of increased mortality in RA patients is CV-related events [5, 6] . Several epidemiological studies have shown that the relative risk of acute myocardial infarction in RA patients ranges from 1.5 to 2.0, and for stroke it is 1.4 to 2.7 fold higher [710] .
The pathophysiological mechanism underlying the increased CV risk in RA patients is not fully understood. RA patients have chronic high-grade inflammation, which is an important contributor towards the development of premature atherosclerosis and CV events [11, 12] . It is unclear whether the markers of inflammation, such as CRP and ESR, and other markers, such as RF and RA disease activity, are more strongly associated with CV events in RA and thus could weaken the association of the traditional CV risk factors to CV events. In addition, there is evidence to suggest that traditional CV risk factors and markers of RA severity both contribute to predicting CV events in RA patients [2, 13, 14] .
One consensus recommendation for the management of RA recommends the evaluation for CV risk at baseline using traditional CV risk algorithms, such as Framingham Risk Scores (FRS), which is based on the Framingham Heart Study, or the SCORE algorithm, which is based on the WHO MONICA Study [15] . Given that these algorithms were not developed in the RA-specific population, the recommendation suggest adjusting the risk to account for the increased CV risk in RA patients [15] . Recent studies reporting RA-specific CV risk calculators have had mixed success in developing an improved CV risk calculator in RA patients [14, 16] .
The primary objective of this analysis was to evaluate and compare the performances of CV risk algorithms in RA vs matched non-RA patients. The secondary objective was to evaluate the association of CRP with CV events in RA patients and explore whether the performance of the CV risk algorithms could be enhanced by the addition of CRP, as was the case in the Reynolds Risk Score [17] .
Methods

Study design and database
This was a retrospective cohort analysis, based on electronic medical records from the Clinical Practice Research Datalink (CPRD). The CPRD is jointly funded by the National Health Service (NHS), National Institute for Health Research and the Medicines and Healthcare products Regulatory Agency. It currently comprises $5 million active patients with long-term follow-up information. To obtain a complete picture of CV events, the CPRD data were linked to the Health Episode Statistics (HES) data from April 1997 onwards, which contain details of all admissions and outpatient appointments in NHS hospitals.
Study population
The study included all adult RA patients (age 518 years) with records of sufficient quality, identified through the acceptable patient flag. The RA population was defined as all patients presenting at least one RA diagnosis read code after 01/01/1988 (index code), with no RA or juvenile RA codes before the index code. Read codes are standard medical diagnosis codes used in the UK general practice system. The index date was defined as the date of first RA-related clinical or referral record. Patients were required to have at least 12 months of data reported before the index date.
RA patients were matched 1:4 to non-RA patients based on their year of entry into the CPRD database using a disease risk score for RA, CV risk category (National Cholesterol Education Program classification) and CV treatment status. The disease risk score was based on a logistic regression model evaluating the probability of having RA and included gender, smoking, obesity, psoriasis, Charlson Co-Morbidity Index and family history of RA as covariates [18] . RA patients were categorized into CV risk categories of low, medium or high at index date based on the number of risk factors, explained further in the next subsection, on exposure and outcomes definitions. CV risk categorization and treatment status of CV risk for all non-RA patients were calculated for each 6-month window. Non-RA patients were selected as potential matches within each CV risk category and treatment status that was closest to the case's index date. Potential matches were also required to have entered the CPRD database during the same year as the case and to have at least one health-care encounter within 2 months of the case's index date. From the pool of potential matches, each RA patient was matched to a non-RA patient, with replacement based on the disease risk score and using the nearest neighbour match method [18] . An index date was assigned to the non-RA patient based on the closest observation date to the RA patient's index date, and the match was confirmed based on the recalculated non-RA patient's CV risk category at the assigned index date. The process was repeated to match a maximum of four controls to each case. Standardized differences were used to compare the measured baseline characteristics between the RA and the non-RA populations. A standardized difference of <0.1 was considered indicative of a good balance [19] .
The CPRD has been granted Multiple Research Ethics Committee approval (05/MRE04/87) to undertake purely observational studies, with external data linkages including HES and Office of National Statistics mortality data. The work of CPRD is also covered by National Information Governance Board -Ethics and Confidentiality Committee approval ECC 5-05 (a) 2012. This study was approved by the Independent Scientific Advisory Committee for Medicines and Healthcare products Regulatory Agency database research under protocol no. 12_079Ra.
Exposure and outcomes definitions
Medical diagnoses and events were identified through read codes, whereas medical product codes were used for treatments. Lists of codes were constructed to define baseline covariates, CV risks and CV events. In order to create the code list for each condition, published lists of codes were used and supplemented by additional searches of the medical and product browser. Group 1 or 2 read codes were used for RA diagnosis as defined in a previous published study using CPRD data [20] . The compiled list was then screened by an analyst in order to exclude all non-relevant codes, and a second screening was then conducted by a clinician. For the HES analysis, ICD 10 codes were used to record medical diagnoses and events. Based on the Framingham Heart Study definition, the CV event list was a composite of myocardial infarction, stroke, heart failure, aortic aneurysm, transient ischaemic attack, unstable angina or intermittent claudication. The QRISK2 definition of CV events included myocardial infarction, coronary heart disease (CHD), stroke and transient ischaemic attack [21] . Laboratory values were identified and calculated at index date, considering the most recent value within 2 years of the date of interest. CRP values were also obtained from the laboratory tests data. The presence of hypertension at the index date was based on a record of a diagnosis of hypertension via read code or a diastolic blood pressure of >90 mmHg or systolic blood pressure of >140 mmHg or both within the 2 years prior to the index date. Dyslipidaemia at the index date was based on a diagnosis or treatment for dyslipidaemia or high-density lipoprotein cholesterol <1.03 mmol/l or low-density lipoprotein cholesterol >4.14 mmol/l or total cholesterol (TC) >5.17 mmol/l or triglyceride >2.26 mmol/l. Atrial fibrillation, family history of CHD and renal disease were evaluated at the index date based on a record of corresponding diagnosis codes within 2 years of the index date. Obesity was identified by a record of a read code or a BMI >30 kg/m 2 occurring within 2 years of the index date. The covariates for the QRISK2 model were age, sex, smoking status (yes/ no), treated hypertension (yes/no, hypertension with prescribed treatment), obesity (yes/no, instead of BMI), diabetes (yes/no), atrial fibrillation (yes/no), family history of CHD (yes/no), RA (yes/no) and renal disease (yes/no). RA was not included as covariate because of complete separation of populations in the RA and non-RA populations, respectively. In addition, the Townsend deprivation score and ethnicity were not included in the analysis because of their unavailability in our data set.
Treatment status was defined as a bivariate variable for patients who received therapy to treat diabetes, hypertension or dyslipidaemia within 2 years of the index date. The CV risk categories, used for the matching only, were based on National Cholesterol Education Program definitions and were composed of the four categories of low, medium, high and very high risk by summing the following risk factors: dyslipidaemia (low-density lipoprotein cholesterol 54.14 mmol/l or high-density lipoprotein cholesterol 41.03 mmol/l), hypertension, age (>45 years for males and >55 years for females) and current smoker [22] . If patients had none of the risk factors they were considered low risk, one risk factor was medium risk and more than one risk factor was high risk. Patients with diabetes, heart disease, a history of cardiovascular event or procedure were considered in the very high risk class.
Statistical analysis
Descriptive statistics were used to summarize the demographic characteristics of the RA and non-RA cohorts. The differences in CV risk factors in the two cohorts were tested using 2 tests. The associations between CRP, lipids and CV events were evaluated by plotting KaplanMeier survival curves (time to CV event) by baseline CRP tertiles and TC categories based on UK treatment guidelines (low: <5.172 mmol/l; medium: 5.1726.180 mmol/l; high: 56.180 mmol/l [22] ) and using log rank tests. Negative binomial models were used to evaluate the risk of CV events (based on the FRS definition) by CRP and TC categories.
The 10-year FRS and QRISK2 are Cox proportional hazard models, which include the traditional CV risk factors. They were compared for discriminatory ability and model fit in the RA and non-RA cohorts. The proportional hazard assumption was evaluated for each covariate in univariate models by testing the interaction between the covariate and time in its logarithm transformation:
If the g k estimate was significantly different from 0 (P < 0.05) then the covariate x k was considered to violate the proportional hazard assumption. Model discriminatory properties were evaluated using the area under the receiver operating characteristic curve measured by Harrell's C-Index, and the model fit was evaluated using the Akaike Information Criterion (AIC). The 95% CIs for the C-Index and the difference in the C-Index were calculated using 1000 bootstrap samples. Harrell's C-Index is a measure that assesses the ability of a model to distinguish subjects who will develop events from those who will not and can be interpreted as the conditional probability that, for any pair of event and non-event patients, the predicted risk of an event is higher for the patient with an event [23] . The net reclassification index (NRI) was used to evaluate the reclassification ability of the addition of the logarithm of CRP concentration (log[CRP]) to the base FRS and QRISK2 prediction model. The NRI is a measure of the added predicted value of a new marker (CRP). In the context of survival data, it is calculated using a prospective approach, summarizing the upward and downward reclassifications, in terms of predicted risk categories, of the original model compared with the new model with the added covariate [24] . In the RA cohort, the base FRS and QRISK2 models were extended to include the baseline log[CRP] in addition to the traditional CV predictors. The C-Index and AIC were used to evaluate the performance of the FRS with and without CRP in RA patients.
Results
From 1997 to 2010, 12 747 primary prevention RA and 44 452 non-RA patients met the inclusion criteria. On www.rheumatology.oxfordjournals.org average (S.D.) at baseline, RA patients were 58.5 (14.8) years old, with a follow-up of 6.0 (4.5) years (76 003 patient-years) and had CRP of 23.5 (33.5) mg/l. Females represented 71% of the population; 38% were hypertensive and 24% dyslipidaemic ( Table 1 ). The median reported time between CRP record and the index date was 49 days (interquartile range: 14137). Non-RA patients had similar characteristics at baseline, with the exception of mean CRP and ESR values, which were 2.5 and 1.8 times lower, respectively. The incidence of CV events based on FRS definition of CV events was 4.29/100 patient-years (95% CI: 4.15, 4.44) in RA patients and 3.11/ 100 patient-years (95% CI: 3.04, 3.17) in non-RA patients. Using the QRISK2 CV definition, the incidence of CV events was 1.78/100 patient-years (95% CI: 1.69, 1.88) in RA patients and 1.38/100 patient-years (95% CI: 1.33, 1.42) in non-RA patients. Within the RA and non-RA cohorts, based on a KaplanMeier analysis, the probability of a CV event at 5 years was 8.97 and 6.97%, respectively (log-rank P < 0.001; Fig. 1 ).
CRP and TC were categorized into three levels (low, medium and high). The threshold values for CRP levels (corresponding to tertiles) were CRP 46, 6 < CRP 420 and CRP >20 mg/l, and the values for TC were based on treatment guidelines defined in the statistical analysis subsection of the Methods. Based on the KaplanMeier analysis, probabilities of a CV event at 5 years based on FRS definition in patients with low, medium and high CRP levels were 6.57, 7.20 and 12.20%, respectively (log-rank P < 0.001; Fig. 2 ). The respective probabilities by TC levels were 9.97, 9.62 and 12.68% (log-rank P = 0.366; Fig. 2 ). Within each TC category, the risk of a CV event increased with the CRP level (P = 0.011; Fig. 3 ).
The analysis of univariate models indicated no significant interaction between time in its logarithmic transformation and the covariates of the FRS and QRISK2 Cox models, so the proportional hazard assumption was deemed acceptable. The multivariate Cox analyses with the FRS and QRISK2 risk factors showed that all the traditional CV risk factors were significantly associated with CV events except for dyslipidaemia, in both the RA and the non-RA cohorts for the FRS based model. For the QRISK2-based analysis, in addition to dyslipidaemia, obesity, atrial fibrillation and renal disease were not significant in RA (Table 2 ). Based on the hazard ratios (HRs), all risk factors had a similar magnitude of effect in the RA vs non-RA cohort. The C-Index for the FRS in the non-RA vs RA cohort was 0.783 and 0.754 (P < 0.001) and that of the QRISK2 was 0.744 and 0.770 (P < 0.001), respectively ( Table 2 ). The observed and predicted event rates at 3 years were plotted for both RA and non-RA patients based on the predictions from both the FRS and QRISK2 models. Overall, similar patterns were observed between FRS and QRISK2 in RA and non-RA cohorts (plots as supplementary material, available at Rheumatology Online).
The addition of log[CRP] was positively associated with CV events in the RA cohort for the FRS model (HR = 1.12; 95% CI: 1.03, 1.23) but not in the QRISK2 model (HR = 1.03; 95% CI: 0.91, 1.16; Table 3 ). The model discriminations due to the addition of log[CRP] were improved by very small amounts, with C-Index increments between the two models of 0.003 (P = 0.026) for the FRS model and 0.0005 (P = 0.250) for the QRISK2 (Table 3) . Likewise, very small AIC differences were observed in the models with and without log[CRP] (4881 vs 4877 in the FRS and 2741 vs 2743 for QRISK2). The overall reclassification as a result of the addition of CRP was characterized by a non-significant NRI of 3.2% (95% CI: À2.8, 5.7%) in the FRS model and a negative improvement of À2.0% (95% CI: À5.8, 4.5%) in the QRISK2 model (Table 3) .
Discussion
Our study investigated the performance of the FRS and QRISK2 equations in RA and matched non-RA patients and assessed the additional value of including CRP, assessed at the index date, to the FRS and QRISK2 risk algorithm. This is the first UK study to compare the FRS and QRISK2 risk algorithm in RA and non-RA patients matched on the baseline CV risk factors.
Several studies have confirmed the higher CV risks in RA patients [710] . The CV incidence rates in the RA cohort observed in our analysis are comparable to a recent publication from the UK using The Health Improvement Network data set, a clinical practice data set similar to CPRD [25] . However, the observed event rates appear relatively high compared with other observational studies from The Netherlands and Sweden, highlighting difference in CV event rates in RA populations across countries [4] .
There is evidence that the increased CV risk in RA patients might not be explained by traditional risk factors alone [26] . In addition, traditional risk calculators, such as FRS, underestimate the CV risk among RA patients, especially with high CV risk [27] . RA patients have chronic high-grade inflammation, but the only CV risk calculator that includes markers of inflammation is the Reynolds Risk Score, which was also developed in the general population [28] . Thus, the Reynolds Risk Score would be likely to underestimate the CV risk in RA patients [29, 30] . The QRISK2 score incorporates RA but it is not specific and there is evidence that it overestimates CV risk [31, 32] .
We evaluated the performance of FRS and QRISK2 in RA patients and matched non-RA patients and tested whether the addition of CRP would improve the performance of these calculators in the RA cohort. We used the FRS risk algorithm, because EULAR guidelines in RA recommends using FRS for CV risk stratification of RA patients and it is also referenced in the UK clinical guidelines by the Joint British Recommendations on the Prevention of CHD [27, 33] . The QRISK2 has been recommended for CV risk estimation by the National Institute of Health and Care Excellence in the UK.
To compare the algorithms in the two cohorts, we controlled for traditional CV risk factors by matching RA to non-RA patients based on their CV risk profile. Overall, we found that the algorithms had a good discrimination in RA patients, although the C-Index was lower compared with the CV risk-matched non-RA cohort. Similar to our findings, other studies reported that the FRS algorithm underestimates the CV risk in established and early RA patients, especially in patients with high baseline deciles of predicted risks, but ours is the first study having a comparator group matched for baseline CV risks [29, 32] .
Further examination of the Cox model indicated that almost all the traditional risk factors in FRS had a similar magnitude of effect in the RA and non-RA cohorts except smoking, hypertension and diabetes, whose HRs were $5% higher in the RA compared with the non-RA cohort. There is evidence to suggest that RA patients have a different CV risk factor profile compared with non-RA patients because they are more likely to be obese and more likely to be smokers and hypertensive [34] . There is emerging evidence to suggest that the immune dysregulation, chronic high-grade inflammation and metabolic disturbances found in RA patients could contribute to the increased CV events [26, 3537] . We observed baseline CRP, but not TC, to be associated with a higher CV event risk in RA. This observation was found to hold even after controlling for all the traditional risk factors. We further evaluated the association between TC, CRP and CV events in RA patients and noticed that within each category of TC (low, medium and high), an increase in CRP levels increased CV events. Thus, we hypothesize that CRP could have a risk-modifying effect in RA patients. However, the inclusion of CRP as a risk factor in the FRS and QRISK2 did not improve the reclassification of CV risks; in fact, it worsened the reclassification in QRISK2. Thus, CRP itself might not explain the overall increased CV events observed in RA patients. These findings are consistent with those observed in two other analyses using a similar methodology and based on electronic medical record databases from the USA [38, 39] . Given the findings of our analysis, we think that studies focusing on developing and validating RA-specific risk CV algorithms are most appropriate [14, 32] . Some studies have reported success in developing and validating such algorithms; therefore, future research should focus on further testing of these RA-specific CV algorithms [14] . There were several limitations to our analysis. First, this was a retrospective analysis, implying some sources of bias attributable to confounding factors. However, this was partly accounted for by matching patients based on disease risk score for RA and CV risk profiles. The identification of RA patients was based on RA diagnosis records in groups 1 and 2 of Thomas et al. [20] , and seronegative RF read codes were not included. However, the list of codes is associated with a sensitivity of 93% and a specificity of 49% and thus there could be some false-positive patients in our case cohort. As the findings from our study are similar to those of two other studies using similar methodology and based on US electronic medical records, we anticipate that false positives have minimal impact on the overall conclusion [38, 39] . In the non-RA cohort, neither lipids nor hypertension was predictive of future CVD events. This could be explained by the fact that the patient data for this analysis were from a general practice database and thus the patients were managed for their CV risk factors. Treatment for hypertension is on the causal pathway of risk factors for CVD and, in fact, we noticed that treatment for hypertension was a predictor. In our data set, there were a number of missing laboratory values for non-traditional CV risk factors and so categorical yes/no variables were used instead in both the FRS and QRISK2 models. For example, dyslipidaemia was based on a combination of laboratory value thresholds, treatment and diagnosis codes. However, as this would impact the two cohorts equally, we do not think this would impact the overall findings of our analysis. In addition, we were not able to include some of the QRISK2 covariates, such as ethnicity or the Townsend deprivation score, because of their unavailability. The imputation of missing values for CRP and continuous laboratory values in general could have been undertaken. For CRP, a variety of imputation approaches could have been used. Although this would have enabled us to retain the full sample size, imputation can introduce bias. For instance, the missing information might not be random; that is, CRP might be tested only when general practitioners suspect a high value. This means that the missing CRP values might be lower than the recorded ones. Given that data on UK postal codes was not available via CPRD, we used the approach as stated by the developers of QRISK2 [40] . As the average follow-up time was 6.0 and 3.8 years in the overall RA cohort and RA patients with CRP measures, respectively, we estimated 5-and 3-year CV risks in this analysis. Although we do agree that this apparent inconsistency could introduce confusion, the aim of the present paper was to estimate the incremental improvement in prediction with the addition of inflammatory measures and not the 10-year estimated risk of CVD. Furthermore, focusing on patients with CRP data available in the second analysis may have resulted in a selection bias. Our analysis of the non-traditional risk factor was limited to CRP because other factors, such as RA disease activity, were not available for analysis. Another limitation was the 49-day delay between the reported CRP value and the index date. Despite limitations, the study was based on data with both a large sample size and a good follow-up period. Thus, the results are generalizable to the UK population and are representative of its clinical practice.
Conclusion
The FRS and QRISK2 have a good discrimination in the RA population, but it was significantly lower than the general population. Even though CRP is associated with an increased risk of CV events, the inclusion of CRP in the FRS equation and the QRISK2 model did not result in an improvement in reclassification of CV risk.
